To evaluate possible occult myocardial disease in 18 patients whose only major manifestation of heart disease was spontaneous ventricular tachycardia or fibrillation, right ventricular endomyocardial biopsies were performed. None of the patients had symptoms of ischemic or congestive heart disease, and at catheterization none had significant lesions of the coronary arteries or regional wall motion abnormalities of the left ventricle. The mean left ventricular ejection fraction (65 + 7%), mean right ventricular ejection fraction (55 + 9%), mean cardiac index (3.0 ± 0.5 1/min/m2), mean right atrial pressure, mean pulmonary capillary wedge pressure, and mean pulmonary artery systolic pressure were normal. However, right ventricular endomyocardial biopsy specimens were abnormal in 16 of 18 (89%) patients: nine (50%) had changes of a significant, although nonspecific, cardiomyopathy with myocellular hypertrophy, interstitial and perivascular fibrosis, and vascular sclerosis; three (17%) had subacute inflammatory myocarditis; two (11%) had diffuse abnormalities of the intramyocardial arteries; and two (11%) had pathologic changes consistent with arrhythmogenic right ventricular dysplasia. In the two (1 %) patients with normal biopsy specimens, one had Wolff-Parkinson-White syndrome and the other had mitral valve prolapse. Although histologic abnormalities were found in 89% of these patients, performance of right ventricular endomyocardial biopsies in this group of patients should be considered a research procedure. We conclude that the majority of patients who have serious ventricular arrhythmias but no apparent structural cardiac abnormalities have abnormal right ventricular biopsy specimens and that the arrhythmias may be the first manifestation of a variety of primary myocardial abnormalities.
VENTRICULAR TACHYCARDIA and fibrillation are life-threatening arrhythmias usually secondary to ischemic, valvular, congenital, or primary myocardial disease. Serious ventricular arrhythmias have also been reported in patients who have no demonstrable cardiac abnormality.' Reviews of long-term survival rates for patients without apparent structural heart disease after a dysrhythmic episode generally have shown a good prognosis, although there is a risk of sudden death.4 I Additionally, there is evidence that patients with apparently normal hearts and serious ventricular arrhythmias may have underlying myocardial disease.
Kennedy et al. 6 demonstrated subtle abnormalities of systolic function in patients with frequent ventricular arrhythmias and apparently normal hearts. There are also rare reports of patients presenting with ventricular arrhythmias and clinically normal hearts who later developed congestive heart failure.7 To evaluate possible occult myocardial disease, cardiac catheterization and right ventricular endomyocardial biopsies were performed in patients whose symptoms of heart disease were limited to life-threatening ventricular arrhythmias.
Methods
Eighteen patients with spontaneous ventricular tachycardia or fibrillation, but no other major manifestation of heart disease, underwent cardiac catheterization and right ventricular endomyocardial biopsies between August 1981 and January 1983. None of the patients had a history consistent with previous myocardial infarction, congestive heart failure, or significant valvular or ischemic heart disease. All patients gave informed consent.
Procedures. Cardiac catheterization and right ventricular en-domyocardial biopsies were performed in all patients. After placement of a No. 9F diaphragm-sealed introducer in the right internal jugular vein, a triple-lumen thermodilution catheter was advanced to the pulmonary artery for determination of cardiac output, pulmonary capillary wedge pressure, and right heart pressures. Right ventricular endomyocardial biopsy specimens were then obtained with a Cave-Schultz bioptome by use of the technique described by Mason.8 Biplane fluoroscopy was used to ensure that each specimen was taken from the interventricular septum. This was accomplished by observing the tip of the bioptome positioned posteriorly on lateral fluoroscopy. Two to three specimens, ranging from I to 2 mm in greatest dimension, were fixed in 10% buffered formalin, one specimen was fixed in 5% glutaraldehyde, and one specimen was snap-frozen in liquid nitrogen and stored for future immunologic studies. Of 100 biopsies performed at our institution, we have had two complications (2%): one myocardial perforation and one hemothorax, with no mortalities.
All angiographic studies were performed either after the biopsies or on a separate day. These included biplane left and right ventriculography and coronary arteriography.
Fifteen patients underwent complete electrophysiologic investigation with programmed electrical stimulation by methods previously described.9 The remaining patients had frequent, spontaneous, ventricular arrhythmias and were treated on the basis of documentation of arrhythmia suppression by serial Holter monitoring and exercise stress testing."°A ngiographic analysis. Quantitative angiographic measurements were performed with a light-pen computer system. Left ventricular ejection fractions were computed from the left ventricular end-diastolic and end-systolic volumes determined from the angiogram in the right anterior oblique projection by use of the area-length method of Sandler and Dodge. " Right ventricular volumes and ejection fractions were calculated with a biplane area-length method. 12 All volumes were traced in duplicate by the same observer and were averaged. The mean coefficient of variance was 2.0% for left ventricular volumes and 3.5% for right ventricular volumes.
Cine left and right ventriculograms and coronary arteriograms were qualitatively evaluated by three experienced angiographers for segmental ventricular wall motion abnormalities, valvular lesions, and the presence of significant coronary artery disease, which was defined as a greater than 50% narrowing of the luminal diameter. Histologic methods. Tissue was embedded in paraffin and was sectioned at 5 ,um intervals. Since orientation of the specimen before embedding was not possible, it was necessary to cut the biopsy specimens at multiple levels to be certain that pathologic alterations were not the result of tangential sectioning. In all, approximately 16 to 20 sections of each specimen were prepared and stained with hematoxylin-eosin; several blank sections were taken for special staining procedures as required.
Each biopsy specimen was stained with Masson's trichrome for connective tissue. Van Gieson's stain for elastica, periodic acid-Schiff reaction with and without pretreatment by diastase, and Prussian blue stain were used in several instances.
Biopsy specimens were evaluated for: (1) endocardial surface alterations (thickening, mural thrombi, and inflammation); (2) myocardial cell changes (hypertrophy, vacuolization, degeneration, or necrosis); (3) vascular abnormalities (vessel-wall sclerosis, smooth muscle or endothelial hypertrophy or proliferation, luminal narrowing, or vasculitis); (4) scarring (interstitial or perivascular fibrosis, foci of replacement fibrosis in regions of active or old myocardial cell loss); (5) inflammation (interstitial foci of acute or chronic inflammatory cell infiltrates including the presence of polymorphonuclear leukocytes, eosinophils, mast cells, lymphocytes, and histiocytes, specifically in associ-ation with damaged or necrotic myocardial cells, and occurring in regions of the biopsy specimen generally devoid of fibrosis). Alterations such as hemorrhage, interstitial edema, myocellular disarray, and formation of contraction bands in myocells were considered as possible artifacts of biopsy or preparation13 14 and therefore were not used as diagnostic criteria in this series. Electron microscopy was performed in 10 of the 18 biopsy specimens. No additional information was obtained from these studies; therefore, this procedure is no longer routinely performed in our laboratory.
Histologic categories. The biopsy specimens were studied without specific reference to the clinical findings, or to the catheterization and angiographic data. In general, the evaluation of the biopsy specimen was descriptive; however, it was possible to evolve certain diagnostic categories based on our overall experience with endomyocardial biopsies performed for indications other than arrhythmias.
Nonspecific cardiomyopathv. Biopsy specimens having myocellular hypertrophy and interstitial and/or perivascular fibrosis, with or without vascular lesions, were considered to have nonspecific alterations consistent with a cardiomyopathic process.
Mvocarditis. The diagnosis of myocarditis was based on an evaluation of the number of inflammatory cells in the specimen, as well as the identification of myocellular damage or necrosis. The type of inflammatory cell (polymorphonuclear leukocyte or lymphohistiocyte) and the presence or absence of interstitial fibrosis determined whether the diagnosis indicated an acute or subacute inflammation. Acute myocarditis refers to the presence of polymorphonuclear leukocytes with or without round cells, with essentially no fibrosis present. Subacute myocarditis refers to the presence of a predominantly round-cell infiltrate with evidence of myocardial scarring. In this study, the number of inflammatory cells in the biopsy specimens was subjectively determined to be abnormally increased. When this study was in progress, a publication from the Mayo Clinic provided quantitative criteria for diagnosing myocarditis. 16 Evaluating the number of inflammatory cells seen in 20 nonadjacent high-power fields, these authors defined biopsy specimens with a mean greater than 5.0 lymphocytes per high-power field as being indicators of active myocarditis. Retrospectively, we evaluated those biopsy specimens we had subjectively diagnosed as having myocarditis, and using these quantitative criteria we found complete agreement with our original categorization.
Arrhythmogenic right ventricular dysplasia. Biopsy specimens with a prominent increase in interstitial adipose tissue that widely separated groups of myocardial cells in more than 50% of a specimen were considered to be consistent with the presence of arrhythmogenic right ventricular dysplasia.15 It is recognized, however, that this diagnosis probably cannot be based solely on a biopsy specimen because the location and extent of adipose infiltration cannot be determined from a small tissue fragment.
Small-vessel disease. Biopsy specimens with apparently normal myocardium but with abnormalities limited to the small muscular arteries, including intimal and medial sclerosis, luminal narrowing, and perivascular fibrosis, were classified as having small-vessel disease.
Results
Noninvasive. Eleven male and seven female patients with a mean age of 40 years (range 9 to 64) were studied. The mean duration of symptomatic arrhythmias was 2.9 years, ranging from 6 months to 10 years. All patients required hospitalization for control CIRCULATION 1172 of arrhythmias, and 11 (61 %) had a history of arrhythmia-related syncope.
The resting electrocardiogram (ECG) was normal for six patients and showed minor nonspecific ST-T wave abnormalities for six; the abnormalities determined by the ECG for the remaining patients are summarized in table 1. The rate-corrected QT interval was not prolonged in any patients in whom it could be measured while they were off all medications. Chest xray showed normal heart size in 16 patients and mild cardiomegaly in two, without evidence of congestive failure. M mode and/or two-dimensional echocardiograms were recorded for 14 patients; nine were normal, one showed right ventricular enlargement, and four were consistent with mitral valve prolapse, which could be confirmed angiographically in only one of these patients (No. 13).
Sixteen patients performed treadmill and/or bicycle exercise-stress tests, reaching between 63% and 100% (a mean of 83%) of their maximum age-predicted heart rates. None had electrocardiographic responses indicative of ischemia, but three patients had exercise-induced ventricular tachycardia (Nos. 5, 10, and 17). Six patients were not able to reach 85% of their maximum age-predicted heart rates, and they stopped because of fatigue. Two of these patients were on myocardial depressant medications (patient 3 was receiving disopyramide and patient 7 was receiving propranolol), and patient 10 developed ventricular tachycardia at a heart rate less than 85% of his maximum. Of the remaining three patients, there was no obvious explanation for their limited exercise response; patients 14 and 15 were on quinidine, and patient 2 was not receiving any medications. Electrophysiologic testing. The spontaneous arrhythmias were ventricular tachycardia in 15 patients and ventricular fibrillation in three; the arrhythmias were symptomatic with syncope or near-syncope in all. Fifteen patients underwent complete electrophysiologic investigation,9 including programmed electrical stimu- lation, and ventricular tachycardia was induced in 13. Of the two patients in whom arrhythmias could not be induced, one had reproducible ventricular tachycardia with exercise. Three patients did not undergo invasive electrophysiologic investigation because their arrhythmias were frequently spontaneous. There was no characteristic configuration or rate of the spontaneous or inducible arrhythmias observed in these patients (table  1) . Patient I also had Wolff-Parkinson-White syndrome, but her ventricular tachycardia recurred even when she was on medications that fully blocked her accessory pathway.
Hemodynamic and angiographic results. All patients underwent right and left heart catheterization. For the group, the mean right atrial pressure, pulmonary artery systolic pressure, and mean pulmonary capillary wedge pressure were within normal limits (table 2) . Mean right atrial pressure was mildly elevated in two patients, pulmonary artery systolic pressure was elevated in one patient, and the mean pulmonary capillary wedge pressure was greater than 12 mm Hg in two patients. Mean cardiac index for the group was 3.0 + 0.5 I/min/m2 but was mildly depressed in two. The mean left ventricular ejection fraction was 65 + 7%, and was only mildly depressed in two patients. Mean right ventricular ejection fraction for the group was 55 ± 9% (normal in our laboratory was 49% to 63%). The mean left ventricular end-diastolic volume index of 83 + 18 ml/m' was normal (normal in our laboratory was 48 to 92 ml/m2), as was the mean right ventricular end-diastolic volume index of 116 ± 35 ml/m2 (normal in our laboratory was 72 to 124 ml/m2).
None of the patients had significant coronary artery lesions or regional wall motion abnormalities of the left ventricle. Patient 13 had mitral valve prolapse with moderate mitral insufficiency proven on angiography. None of the other patients had evidence of valvular disease. Patients 9 and 12 had marked enlargement of the right ventricle, and patient 9 also had localized areas of right ventricular dyskinesis.
Biopsy results. Despite normal or near normal resting cardiac function in these patients, right ventricular endomyocardial biopsy specimens were abnormal in 16 of 18 patients (89%). The biopsy specimens of nine patients showed changes of a nonspecific cardiomyopathy, including myocellular hypertrophy and interstitial and/or perivascular fibrosis, with or without vascular sclerosis. Abnormalities in biopsy specimens from these patients are indistinguishable from those of biopsy specimens from patients with idiopathic, dilated, congestive cardiomyopathies. lX Figure 1 is from the biopsy specimen of patient 6 and shows changes categorized as nonspecific cardiomyopathy. Inflammatory myocarditis was diagnosed in three patients ( 17%) on the basis of a subjectively evaluated increase in the number of inflammatory cells present in association with myocellular damage and/or necrosis. Figure 2 is from the biopsy specimen of patient 16. The cellular infiltrates in these three patients were predominantly round cells and included lymphocytes, histiocytes, and mast cells, with rare scattered polymorphonuclear leukocytes and eosinophils consistent with a subacute process. Association of inflammatory cells with damaged myocardial cells, as in figure 3 , provides circumstantial evidence that the inflammatory process is involved in the process of myocardial damage.
The biopsy specimens from patients 9 and 14 (figure 4) showed marked abnormalities of the small muscular arteries, despite angiographically determined normal coronary arteries and no history to suggest coronary insufficiency. The intramyocardial vessels were extremely tortuous, with severe intimal and medial sclerosis, luminal narrowing, and focal perivascular fibro-Vol. 68. No. 6. December 1983 sis. Myocardial cells from these two biopsy specimens were normal and showed no evidence of ischemic damage.
Three patients had findings suggestive of arrhythmogenic right ventricular dysplasia; two of these patients had biopsies that were characteristic of arrhythmogenic right ventricular dysplasia. Descriptions at surgery and autopsy of myocardial tissue in this condition have shown replacement and infiltration of the myocardium by adipose tissue, with separation of the remaining myocardial cells occurring.19 The biopsy specimen from patient 12 (figure 5) shows typical adipose replacement; this patient had a severely dilated and diffusely hypokinetic right ventricle as determined by angiography. Patient 9 had the characteristic left bundle, normal-axis tachycardia and the typical right ventricular angiogram that showed discrete areas of dyskinetic motion. However, the biopsy specimen from this patient did not show fatty infiltration, but rather small-vessel disease. On review of the angiogram, the apical portion of the right ventricular side of the septum, which was the area in which the biopsy was performed, appeared to move normally and therefore may not have been the ideal site from which to demonstrate histologic changes of arrhythmogenic right ventricular dysplasia . In patient 17, right ventricular size and function were normal. One biopsy specimen had extensive replacement of adipose tissue indistinguishable from the changes of arrhythonogenic right ventricular dysplasia. However, the specimens from this patient were the only ones to show significant interspecimen variation; two of the other pieces were normal, and one showed nonspecific myopathic changes.
The biopsy specimens from two of our patients with ventricular tachycardia were norrmal (patients 1 and 13, figure 6 ). Patient I also had Wolff-Parkinson-White syndrome, and patient 13 had imitral valve prolapse with moderate mitral insufficiency.
Discussion
Life-threatening ventricular arrhythmiiias mnay be the first and only clinical manifestation ot cardiac dtisease. Retrospective analyses of patients with ventricular tachycardia and apparently normal hearts have revealed a generally good prognosis.' -However, ventricular arrhythmias in otherwise healthy individuals are not invariably benign because some patients may eventually develop congestive heart failure' or die suddenly.4 Until recently, the lack of a routine mnethod to study morphologic characteristics of the myocardium during life has limited our uinderstanding and awareness of degenerative myocardial lesions that may manifest initially as arrhythmias. With newer techniques to perform right ventricular endomyocardial biopsies, the means to investigate this group of patients is now available. However, endomyocardial biopsy is a specialized invasive procedure that should be considered a research technique for this group of patients. In this report, 1 8 patients referred for electrophysiologic evaluation of serious ventricular arrhythrnias underwent right ventricular endomyocardial biopsies; in 16 patients (89%) the biopsy specimens revealed significant pathologic changes.
In 50% of the patients in this study, the biopsy specimens showed changes characteristic of a nonspecific cardiomyopathy, which are indistinguishable from alterations seen in biopsy specimens from patients with idiopathic, dilated, congestive cardiomyopathy. 1' 7 Despite the severity of the histologic abnormalities, heart size, resting cardiac function, and exercise tolerance were well-preserved in these patients. It is not apparent why patients without overt congestive failure should have biopsy specimens that are identical to those found in patients with severe symlptomiiatic imyopathies. It is conceivable that these individuals have been idenitified at a reliatively early stage of disease, when cardiac reserve is still sufflicient to maintain ventricular function. It also is possible that the results of biopsy represent a problem of tissue sampling, which is unlikely because of the uniformity of lesions from multiple tissue specimens. Regardless, foci of damaged and isolated myocardial cells may provide the pathologic focus for the initiation of ventricular arrhythmias in these patients.
The etiology of the nonspecific myopathic changes in these biopsy specimens, as well as in those from patients with idiopathic congestive myopathy, is unknown. Similar abnormalities have been described at autopsy and biopsy of patients with diabetic, chronic ischemic, and hypertensive myopathies.21122 These abormalities can also be seen in conjunction with inflammation on biopsy specimens from patients with inflammatory myocarditis and congestive failure. 4 It is possible that diverse myocardial insults result in common pathologic end points. It is not known whether the cardiomyopathic process in the patients we studied represents a self-limited condition or a progressive process that may eventually result in clinically apparent congestive myopathy. Follow-up studies will be necessary to determine the natural history of these patients.
Vol. 68, No. 6, December 1983 The diagnosis of myocarditis was made in three of our patients with no obvious heart disease. The association of ventricular arrhythmias and acute viral myocarditis is well documented25' 26; however, none of our patients had a history of a viral illness either at or immediately before biopsy. As in patients with congestive failure, the diagnosis of myocarditis in patients can be made only on the basis of histologic findings; clinical and laboratory analyses are not helpful in identifying these patients.23 24 The pathologic features of myocarditis in our patients were similar to those described by Mason There are reports of improved left ventricular function and resolution of inflammation when patients with congestive failure are treated with immunosuppressive medications, as well as reports of progressive left ventricular dysfunction and continued inflammation in patients who are not treated.2 24.2'7 Reports on the response of arrhythmias in patients with myocarditis treated with immunosuppressive therapy are anecdotal.5 Treatment of patients who have myocarditis and ventricular tachycardia with preserved left ventricular function would have two aims: to prevent myocardial damage and progressive ventricular dysfunction and to treat the ventricular arrhythmins. We treated one patient (No. 8) who on repeat biopsy showed clearing of the inflammation, with no deterioration of ventricular function. Formal reevaluation of the arrhythmias has not yet been performed, but there has been no subjective improvement in the arrhythmia. Arrhythmogenic right ventricular dysplasia is a recently described abnormality associated with ventricular arrhythmias.'95, 16 It is a myopathy involving predominantly the right ventricle and is characterized 1178 angiographically by an enlarged right ventricle with localized areas of dyskinesis, histologically by replacement of the myocardium with adipose tissue, and electrophysiologically by a left-bundle, normal-axis ventricular tachycardia. In our series, three patients demonstrated aspects of this condition. Patient 12 had marked right ventricular enlargement with diffuse hypokinesis and typical biopsy findings. Patient 9 had a left-bundle, normal-axis tachycardia and a right ventricular angiogram that was characteristic of arrhythmogenic right ventricular dysplasia. However, the biopsy specimens taken from an area of normalappearing interventricular septum showed small-vessel disease but not fatty replacement. Patient 17 had a normal right ventricle by angiography, but he had one biopsy specimen that showed changes similar to those seen in arrhythmogenic right ventricular dysplasia. Although adipose tissue may extend from the epicardial surface into the myocardium of the right ventricle, the fatty infiltration seen in these two patients clearly involved the endocardial surface and did not appear to be a normal variant. Findings in the first two patients are typical of arrhythmogenic right ventricular dysplasia, and the third patient may represent a forme fruste of the CIRCULAI'ION with the aid of endomyocardial biopsy may help to direct therapy; when medical therapy fails, surgical therapy may be successful. '5 Two of our patients with normal coronary arteries as determined by angiography had small-vessel disease. However, it would be speculative to implicate generalized small-vessel disease in the pathogenesis of ventricular arrhythmia. It is tempting to postulate that small-vessel disease produces myocardial ischemia, which then triggers ventricular arrhythmias; however, the myocytes and interstitial spaces in these patients were normal and did not show any evidence of ischemia or fibrosis. Intramyocardial coronary artery disease has been described in association with certain systemic diseases,37-none of which were found in our patients.
The appearance of normal myocardium obtained by biopsy and the artifacts that can be induced by the technique are well documented.'3 '-"' In two of our patients the biopsy specimens were normal. Patient 13 had mitral valve prolapse, a structural abnormality frequently associated with ventricular arrhythmias.4' Pa-Vol. 68. No. 6, December 1983 tient I had Wolff-Parkinson-White syndrome and ventricular tachycardia. Ventricular fibrillation in patients with Wolff-Parkinson-White syndrome is believed to be triggered by rapid ventricular responses to the atrial fibrillation. 41 43 In patient 1, ventricular tachycardia could be induced with the accessory pathway blocked medically and thus is probably a primary ventricular arrhythmia. Because the biopsy samples a localized area, it is possible that myocardial abnormalities in these two patients (Nos. I and 13) may have been located beyond the area of the biopsy. Conditions with localized myocardial abnormalities have been described, including localized ganglionitis of the conducting system with normal myocardium'45 and patchy involvement of the myocardium in sarcoid heart disease.46 47 Great care was taken in this study to prevent the introduction of artifactual abnormalities in biopsy specimens that might confound analysis. The biopsies were performed before administration of possibly toxic angiographic contrast agents. ' Whenever possible, biopsies preceded electrophysiologic studies, during which pacemaker electrodes were placed in the right ventricle and could have resulted in pacemaker-related changes.49 However, six patients had pacemaker catheter electrodes in the right ventricle at the time of biopsy. With biplane fluoroscopy it was possible to direct the bioptome away from the pacemaker tip when sampling. Diagnoses of biopsy specimens were not different in the group with pacemakers compared with the group that did not have pacemakers. From the 12 patients who did not have pacemakers, one biopsy specimen was normal, six indicated nonspecific myopathic changes, one indicated small-vessel disease, two indicated arrhythmogenic right ventricular dysplasia, and two indicated myocarditis (neither patient with myocarditis had previous intracardiac instrumentation). Of the six patients with pacemakers at the time of biopsy, three had nonspecific myopathic changes, one had small-vessel disease, one had myocarditis, and one had normal biopsy specimens. In the patient with myocarditis and a pacemaker, anterior placement of the electrode allowed good separation when the bioptome was positioned posteriorly on the septum for sampling.
Questions have been raised as to whether biopsy of the right ventricle can represent overall histologic characteristics of the myocardium. Comparisons of simultaneous right and left ventricular biopsies,50 and comparisons of autopsy findings with biopsies performed soon before death by ourselves (unpublished observation) and by others24 5' have demonstrated good correlation. In only two of 100 biopsies performed by our group has there been a significant variation of the histologic diagnoses from one specimen to another in the same patient. It is reasonable to assume that abnormalities in biopsy specimens are generally representative of a diffuse myocardial process. It is very unlikely that the alterations in myocardium resulted from electrical cardioversion or from an ischemic insult occurring during hemodynamic collapse with ventricular tachycardia,2 5 since patients who had never had syncope or who never required cardioversion demonstrated pathologic changes that were indistinguishable from those of patients who had.
Patients included in this study were believed to have idiopathic ventricular arrhythmias before undergoing catheterization and endomyocardial biopsy. Minor, nonspecific, electrocardiographic abnormalities and unexplained limitations of response of exercise heart rate in several of these patients were the only noninvasive suggestions of possible myocardial disease. Yet the biopsy specimens revealed significant pathologic abnormalities of the myocardium in 89% of these patients. Assessment of ventricular response to stress, perhaps with exercise radionuclide ventriculographyr might be very helpful in assessing the possible clinical significance of the histologic abnormalities seen on the biopsy specimens.
This study has shown that the majority of patients who present with no apparent structural heart disease but with life-threatening ventricular arrhythmias have abnormal myocardial biopsy specimens. Isolated ventricular arrhythmias may be the first manifestation of a variety of primary myocardial abnormalities, including myocarditis. The significance of the pathologic characteristics of the myocardium in these patients can only be evaluated when the long-term clinical course is known.
